We explore two possible interpretations for the CDF eeγγ + E T / event in the context of a recently proposed one-parameter no-scale supergravity model with a light gravitino. We delineate the region in parameter space consistent with the kinematics of the event interpreted either as selectron pair-production (pp →ẽ +ẽ− X,ẽ =ẽ R ,ẽ L ) or as chargino pair-production (pp → χ
Introduction
After the stunning confirmation of the Standard Model predictions at the Tevatron and LEP 1, the field of contenders for the much anticipated 'new physics' has, in the minds of most, been narrowed down to just one: supersymmetry. However, the many years elapsed since the invention of supersymmetry have produced abundant theoretical speculation as to the specific nature of supersymmetry, its origins, its breaking, and the spectrum of superparticles. Recent observations at the Tevatron, in the form of a puzzling eeγγ + E T / event [1] , appear to indicate that experiment may have finally reached the sensitivity required to observe the first direct manifestations of supersymmetry [2, 3, 4] . If this event is indeed the result of an underlying supersymmetric production process, as might be deduced from the observation of additional related events at the Tevatron or LEP 2, it will herald a new era in elementary particle physics. The prima facie evidence for supersymmetry contains the standard missing-energy characteristic of supersymmetric production processes, but it also contains a surprising hard-photon component (as far as the Minimal Supersymmetry Standard Model is concerned), which eliminates all conceivable Standard Model backgrounds and may prove extremely discriminating among different models of low-energy supersymmetry.
The present supersymmetric explanations of the CDF event fall into two phenomenological classes: either the lightest neutralino (χ 0 1 ) is the lightest supersymmetric particle, and the second-to-lightest neutralino decays radiatively to it at the one-loop level (χ 0 2 → χ 0 1 γ); or the gravitino ( G) is the lightest supersymmetric particle, and the lightest neutralino decays radiatively to it at the tree level (χ 0 1 → Gγ). The former 'neutralino-LSP' scenario requires a configuration of gaugino masses that precludes the usual gaugino mass unification relation of unified models, although it can occur in some restricted region of the MSSM parameter space. The latter 'gravitino-LSP' scenario requires only that the lightest neutralino has a photino component, as is typically the case in many supersymmetric models. The underlying process that leads to such final states has been suggested to be that of selectron pair-production (qq → e + e − , e = e R , e L ), with subsequent decay e → eχ 0 2 or e → eχ 0 1 in the neutralino-LSP and gravitino-LSP scenarios respectively. In the gravitino-LSP scenario, the alternative possibility of chargino pair-production (qq → χ
± ν e χ 0 1 ) has also been briefly mentioned [5] (this possibility is not available in the neutralino-LSP scenario [6] ).
Of these two classes of explanations, only the gravitino-LSP one has generated model-building efforts that try to embed such a scenario into a more fundamental theory at higher mass scales. These more predictive theories include low-energy gauge-mediated dynamical supersymmetry breaking [2, 7] and no-scale supergravity [4] . In this paper we study in detail the kinematics of the observed event in both the selectron and chargino interpretations in the context of our recently proposed one-parameter no-scale supergravity model [4] . We delineate the regions in parameter space that are consistent with the kinematical information, and then consider the rates for the various underlying processes that may occur within such regions of parameter space. Non-observation of related signals (e.g., eγγ + E T / ) that are predicted to occur at significantly higher rates than the presumably observed one (i.e., eeγγ + E T / ) imposes important constraints on the parameter space of the model. It should be noted that the possibility of observing supersymmetry at the Tevatron via weakly-interacting production processes had been shown early on to be particularly favorable in the context of no-scale supergravity [8] . We also consider the constraints from LEP 1.5 and the prospects for supersymmetric particle detection at LEP161 and LEP190. We show that one of the acoplanar photon pairs observed by the OPAL collaboration at LEP 1.5 may be attributable to supersymmetry in the present model via
We should remark that because of the rather restrictive nature of our one-parameter model, our experimental predictions are unambiguous and highly correlated. This paper is organized as follows. In Section 2 we review the basic model predictions and expand on the motivation for our model and its significance in the context of no-scale supergravity, flipped SU(5), and extended supergravities. In Sec. 3 we consider the CDF event from the perspective of the selectron and chargino interpretation, delineate the allowed regions in parameter space, and contrast the rates for related processes that might have been observed. In Sec. 4 we determine the constraints from LEP 1.5, study in some detail the OPAL acoplanar photon events, and explore the prospects for particle detection at LEP 2. In Sec. 5 we summarize our conclusions.
The model

Motivation
Supergravity models are described in terms of two functions, the Kähler function G = K + ln |W | 2 , where K is the Kähler potential and W the superpotential; and the gauge kinetic function f . Specification of these functions determines the supergravity interactions and the soft supersymmetry-breaking parameters that arise after spontaneous breaking of supergravity, which is parametrized by the gravitino mass m 3/2 = e K/2 |W |. In standard supergravity scenarios the choices for G and f may follow from symmetry considerations or may be calculated in certain weakly-coupled heterotic string vacua (such as orbifolds or free-fermionic constructions). In these cases one generically obtains soft-supersymmetry-breaking parameters (i.e., scalar and gaugino masses and scalar interactions) that are comparable to the gravitino mass: m 0 , m 1/2 , A 0 ∼ m 3/2 , although the specific proportionality coefficients in these relations may vary in magnitude and may even be non-universal. In the context of unified models, such standard scenarios do not appear to be consistent with a supersymmetric explanation of the CDF eeγγ + E T / event because, either the implied gaugino mass unification is violated (neutralino-LSP scenario), or the required light gravitino mass (i.e., m 3/2 ≪ 1 GeV) would render all supersymmetric particles comparably light (gravitino-LSP scenario).
In the gravitino-LSP scenario, the main issue is that of decoupling the breaking of local supersymmetry (parametrized by m 3/2 ) from the breaking of global supersymmetry (parametrized by m 0 , m 1/2 ). This decoupling is achieved naturally in the context of no-scale supergravity [9, 10] , where a judicious choice of the Kähler potential (K) yields m 0 = 0m 3/2 (and also A 0 = B 0 = 0), which allows a very wide range of m 3/2 values. (No-scale supergravity is also obtained in weakly-coupled string models, as was shown early on by Witten [11] and has more recently been explored in great detail in Ref. [12] .) Without this (scalar-sector) decoupling, sizeable values of m 0 (i.e., m 0 ∼ M Z ) cannot be obtained in the light gravitino scenario. As we discuss below, the selectron interpretation of the CDF event requires m 0 ≪ M Z [4] , but there is no such requirement for the chargino interpretation. In this connection we should add that in unified models the possible values of m 0 /m 1/2 are constrained by the proton decay rate via dimension-five operators. In the minimal SU(5) supergravity model one can show that m 0 /m 1/2 > 3 is required [13] , thus rendering this decoupling impossible. In contrast, in flipped SU(5) such operators are naturally suppressed, and m 0 = 0 is perfectly allowed [14] .
A light gravitino
The remaining and crucial question is the decoupling in the gaugino sector, that depends on the choice of f , at least in traditional supergravity models. The gaugino masses are given by
where z represents the hidden sector (moduli) fields in the model, and the gaugino mass universality at the Planck scale is insured by a gauge-group independent choice for f . As remarked above, the usual expressions for f (e.g., in weakly-coupled string models) give m 1/2 ∼ m 3/2 . This result is however avoided by considering the nonminimal choice f ∼ e −Az q , where A, q are constants [15] . Assuming the standard no-scale expression G = −3 ln(z + z * ), one can then readily show that [15] 
where M ≈ 10 18 GeV is the rescaled Planck mass. The phenomenological requirement of m 1/2 ∼ 10 2 GeV then implies
gives the relation m 3/2 ∼ m 2 1/2 /M ∼ 10 −5 eV, which was obtained very early on in Ref. [16] from the perspective of hierarchical supersymmetry breaking in extended N=8 supergravity. The recent theoretical impetus for supersymmetric M-theory in 11 dimensions may also lend support to this result, as N=1 in D=11 corresponds to N=8 in D=4.
More specifically, the needed decoupling between the local and global breaking of supersymmetry, that we have advocated above in order to insure a light gravitino, appears to be realized in strongly coupled heterotic strings [17] , which are best understood in terms of 11-dimensional supergravity. Moreover, the no-scale supergravity structure appears to also emerge in strongly-coupled strings [18, 17] and to take on a crucial role in suppressing the cosmological constant at the classical [9, 10] and quantum levels [17, 19] , as well as avoiding flavor-changing neutral currents [18, 19] . These general remarks should sufficiently motivate our present phenomenological study.
The spectrum
Our model effectively fits within the usual no-scale supergravity models with universal soft-supersymmetry-breaking parameters given by
When the constraints from radiative electroweak symmetry breaking are imposed, the values of |µ| and B(M Z ) are determined (for the fixed value of m t = 175 GeV).
Evolving the latter up to the Planck scale, and demanding that it reproduce the boundary condition B 0 = 0, determines the value of tan β in terms of the single parameter of the model (m 1/2 ). One can show that the sign of µ is also determined by this procedure [20] . The precise low-energy spectrum of the model further depends on the details of the evolution between the Planck scale and the electroweak scale. One may envision a traditional scenario where unification occurs at the usual GUT scale (M LEP ∼ 10 16 GeV), while supersymmetry breaking is communicated to the observable sector at the Planck scale. Alternatively one may supplement the MSSM spectrum with intermediate-scale particles that delay unification up to the Planck scale [21] . A third and perhaps more realistic scenario combines both approaches and has been recently realized in flipped SU(5) [22] , achieving a partial unification at M LEP [SU(2)×SU(3)→SU(5)] and string unification at M P l . However, this scenario depends on various parameters which make the analysis more complicated that needs to be at this stage. Here we opt for the second scenario, where unification occurs in a single step at the Planck scale. We expect that our numerical results will remain qualitatively unchanged in any of these three possible unification scenarios.
The spectrum as a function of the lightest neutralino mass is given in Fig. 1 for the lighter particles (sleptons, lightest higgs boson, lighter neutralinos and charginos) and in Fig. 2 for the heavier particles (gluino, squarks, heavy higgs bosons, heavier neutralinos and charginos). The calculated value of tan β as a function of m χ 0 1 is displayed in Fig. 1 . We also find that |µ| ≈ m χ 0 3 , which can then be obtained from Fig. 2 . These figures show that the lightest neutralino (which is mostly bino) is always the next-to-lightest supersymmetric particle (NSLP), followed by the right-handed sleptons (ẽ R ,μ R ,τ 1 ), the lighter neutralino/chargino (χ 0 2 , χ ± 1 ), the sneutrino (ν), and the left-handed sleptons (ẽ L ,μ L ,τ 2 ). (The order of the second and third elements on this list is reversed for very light neutralino masses.) Note the splitting between the selectron/smuon masses and the stau mass due to the non-negligible value of the λ τ Yukawa coupling. The lightest higgs boson crosses all sparticle lines and is in the range m h = (100 − 120) GeV. Also notable is that the average squark mass (q) is slightly below the gluino mass (g) and the lightest top-squark (t 1 ) is somewhat lighter than both of these.
As emphasized early on [15] , the dominant decay of the lightest neutralino is via χ 0 1 → γ G, which has partial a width of [15, 5] 
where > 120 GeV) but it is completely negligible because of the above kinematical suppression and because of the gaugino nature of the neutralino. In sum, we expect B(χ 0 1 → γ G) ≈ 100% throughout the whole parameter space. One can also consider the probability for χ 0 1 (with energy E) to travel a distance x before decaying P (x) = 1 − e −x/L , where the decay length is given by [5] 
The requirement m 3/2 < ∼ 250 eV ensures a visible neutralino decay within the CDF (or any other such) detector [3] .
The CDF event
We now turn to the implications of the observed CDF eeγγ + E T / event, assuming that it is the result of an underlying supersymmetric production process in the context of our present model. The particulars of the event are listed in Table 1 . We consider two interpretations (selectron and chargino pair production), in each case delineating the region in parameter space consistent with the observed kinematics of the event. We then determine the rate for such processes and for related processes with similar signatures that might have also been detected.
Selectron interpretation
In this interpretation one assumes that the underlying process is→ e 1 The selectrons subsequently 1 All Feynman diagrams in this paper have been drawn using the software package FeynDiagram, developed by Bill Dimm (ftp://ftp.hepth.cornell.edu). We thank Jaewan Kim for procuring and The kinematical data shown in Table 1 constrain the possible masses of the selectron (mẽ R,L ) and neutralino (m χ 0 1 ). To obtain these constraints we perform a Monte Carlo simulation of the process in which we vary at random the three-momenta of the unobserved gravitinos, subject to the constraints of transverse momentum conservation (up the E T / 'vector' given in Table 1 ) and equality of neutralino and selectron masses in each decay. We have considered the two possible pairings of the photons and electrons (i.e., which e and γ go with e + and which go with e − ) but find that only one pairing satisfies all consistency constraints. We thus obtain a 2 × 3 − 2 − 1 − 1 = 2-dimensional solution space that parametrizes the two unknown masses. The resulting allowed region in (mẽ R,L , m χ 0 1 ) space is found to be partially bounded, and with a sufficiently dense sample of Monte Carlo points one can determine its boundary, as shown in Fig. 4 . The region in principle continues onto larger sparticles masses, but we have cut it off (vertical line) at mẽ = 150 GeV because the predicted rates at the Tevatron become uninterestingly small beyond that point. Within the closed region we see that underlying e L pair-production is disfavored. On the other hand, underlying e R pair-production is perfectly consistent with the kinematics of the event, with the further constraints
Model mass relations (see Fig. 1 ) then imply m χ
installing the package. 2 In general the selectrons have several possible decay channels:ẽ
. In the present model we find thatẽ
2 is only accessible for mẽ R < 70 GeV (and then suppressed by phase space), which is outside of the range of interest. Also,ẽ L may always decay in all three ways (althoughẽ
1 has the largest phase space), but with an electron in the final state almost always (unless the chargino inẽ L → ν e χ ± 1 decays hadronically).
Before proceeding with the analysis, it is instructive to determine what other sets of standard supergravity parameters {m 0 , m 1/2 , A 0 , tan β} may also be consistent with the kinematics of the CDF event in the selectron interpretation. We have generated 10,000 different random four-parameter sets of this kind, and in each case determined the low-energy spectrum, in particular the χ 0 1 andẽ R,L masses. As we just showed, the kinematics of the event singles out an allowed region in the (mẽ, m χ 0 1 ) plane (see Fig. 4 ). In Fig. 5 we show the distribution of models in this space, with the preferred region bounded by the solid line. For clarity, in the figure we restrict the choices of ξ 0 = m 0 /m 1/2 to the integer values shown (i.e., 0 → 5), with the other three parameters allowed to vary at random. (The branches forẽ R andẽ L are only distinguishable for ξ 0 = 0, 1.) This figure illustrates the fraction of the generic supergravity parameter space that is consistent with the kinematics of the CDF event. Moreover, our model prediction of ξ 0 = 0 clearly falls within the allowed region for bothẽ R andẽ L , whereas ξ 0 ≥ 1 is not allowed. Note that the actual model prediction for e L (as shown in Fig. 4 ) has much less of an overlap with the allowed region than the generic m 0 = 0 result in Fig. 5 . This is due to the additional model constraints that correlate all four parameters, leaving only one to vary freely.
We now turn to the dynamics of the selectron interpretation. We consider the production of the four slepton channels:
where ℓ = e, µ, τ [see Figs. 3(a,b,c,d)], and we have indicated the experimental signature in each case (E T / includes the two gravitinos from χ 0 1 → γ G decay and may also include neutrinos). We have calculated the corresponding hadronic cross sections using the parton-level differential cross sections given in Ref. [23] , and integrated them over phase space and parton distribution functions. The resulting cross sections for ℓ = e are shown in Fig. 6 as a function of the selectron mass. The same result is obtained for ℓ = µ or ℓ = τ , i.e., one would multiply the curves in Fig. 6 by a factor of 3 to obtain the cross section summed over the three flavors. We should note that because the slepton ( ℓ R , ℓ L , ν ℓ ) masses are correlated in the specific way shown in Fig. 1 , the resulting relations between the different slepton rates differ from those naively obtained when the slepton masses of the same flavor are taken to be all equal. For instance, when mẽ L = mẽ R one finds σ(ẽ LẽL ) ≈ 2.3 σ(ẽ RẽR ), whereas in our case σ(ẽ LẽL ) < σ(ẽ RẽR ) always.
As noted in Eqs. (7, 8, 9) , the experimental signatures for these four channels differ in the number of charged leptons: 2,1,0 respectively. In Fig. 7 we show the correlation between the number of single-lepton versus the number of di-lepton events that are expected in L = 100 pb −1 of data. At the one dilepton-event level, the expected number of single-lepton events (two) is still consistent with observation (zero). However, possible observation of more eeγγ + E T / events would need to be accompanied by many more eγγ + E T / events. On the top axis of the plot we show the corresponding selectron mass, which shows that one event is consistent with mẽ R as high as 100 GeV. (However, one should realize N(eeγγ + E T / ) in Fig. 7 includes bothẽ R andẽ L sources, although the former dominates over the latter and the latter is kinematically inconsistent with the observed event.) It has been advocated that 1 2 event should mark the minimum event rate consistent with the observations [7, 5] , in this case we find the upper bound mẽ R < 115 GeV. This limit may be weakened to mẽ R < 150 GeV by summing over slepton flavors, although it is not clear what the meaning of this procedure is.
In Fig. 7 we also show the number of diphoton (no-lepton) events, which is seen to be negligible at the one dilepton-event level, but should quickly overtake the number of dilepton events should more of these be observed. As a final comment on the viability of the selectron interpretation, we should remark that one must require a rather substantive chargino mass (m χ ± 1 > 125 GeV [5] ) so that the additional sources of eeγγ +E T / events from chargino/neutralino production (see Sec. 3.2) remain below the few-event level. Through the mass relations in this model (see Fig. 1 
Chargino interpretation
One may envision an alternative interpretation of the eeγγ + E T / event wherein the underlying process is assumed to be→ χ Figs. 8(a,b) . The charginos subsequently decay via χ In analogy with the selectron interpretation, the kinematical data shown in Table 1 (These constraints hold irrespective of the dynamics of the process, i.e., the underlying cross section and branching ratios.) However, in the chargino interpretation we have four missing momenta, and the constraints from tranverse momentum conservation and equality of neutralino and chargino masses in each decay allow a vast 4 × 3 − 2 − 1 − 1 = 8-dimensional solution space. We find that both possible pairings of the photons and electrons (i.e., which e and γ go with χ ≈ 55 GeV. The dynamics of the event further restricts the allowed interval, as we discuss below.
We would like to digress briefly to comment on other sets of standard supergravity parameters {m 0 , m 1/2 , A 0 , tan β} that may also be consistent with the kinematics of the event in the chargino interpretation. Following the same procedure as in the selectron interpretation, we find the well-known result in supergravity models that m χ > 100 GeV will be consistent with the kinematical constraints of the event in the chargino interpretation. Of course the dynamics of the event (light gravitino, suitable cross section and branching ratios) will be a lot more discriminating. For instance, any value of m 0 would appear acceptable from the kinematics alone. However, m 0 affects the branching ratios and may not enhance the desired leptonic decays of the chargino. Also, as discussed in Sec. 2.1, a non-negligible value of m 0 is not attainable in supergravity models with a light gravitino.
We now turn to the dynamics of the chargino interpretation. We consider the production of the following chargino/neutralino channels:
where ℓ, ℓ ′ = e, µ, τ , and we have indicated the experimental signature in each case. We have not shown the χ Fig. 8(e,f) , proceed at much smaller rates: the Zχ 0 i χ 0 j coupling is suppressed for our case of mostly gaugino-like neutralinos, and the t-channel diagrams are suppressed by heavy squark masses.
We have calculated the hadronic cross sections for the processes in Eqs. (10, 11, 12) , and these are shown in Fig. 12 as a function of the chargino mass. We note that for not too small values of the chargino mass, the χ [see Fig. 1 ]. As the chargino mass increases the W -mediated decays become more important as the sneutrino becomes heavier than the chargino.
Eventually the W -mediated decays fully dominate, and the expected branching ratios into leptons (3/9) and into quarks (6/9) are attained. (Note that in Fig. 13 we have summed over only two lepton families.)
In the case of neutralino decays, the pattern may also be understood in terms of the spectrum shown in Fig. 1 . For low neutralino masses, the sneutrino-mediated decay [ Fig. 10(f) ] is on-shell and χ are not shown in Fig. 13) . The actual signals are obtained by multiplying the cross sections times the branching ratios as indicated in Eqs. (10, 11, 12) ; these are shown in Fig. 14. This busy plot shows that the expected number of events without jets (solid lines) dominates over the number of events with 2 jets (dashed lines) or 4 jets (dotted line). The precise number of expected events depends on the experimental detection efficiencies for each of these signatures, and thus requires a detailed simulation including detector effects. One may get an idea of the number of expected events in L = 100 pb −1 by simply assuming an across-the-board 10% efficiency. In this approximation the numbers of expected events would be the numbers in Fig. 14 multiplied by 1/100 . These numbers of expected events should not exceed a few, as so far only one event of this kind has been observed at CDF. Consulting Fig. 14 , it would appear reasonable to require m χ ± 1 > 100 GeV (which implies mẽ R > 85 GeV and m χ 0 1 > 55 GeV). As discussed above (see Fig. 11 ), this lower bound is also required by the kinematics of the event.
A reasonable upper bound in order to produce enough events would appear to be m χ ± 1 ≈ 150 GeV. Figure14 then shows that in this regime the dominant signals are
. Note that the single-flavor 3ℓ and 2ℓ signals (e.g., e ± e + e − and e + e − ) occur at nearly the same rate, as does the ℓ + ℓ − jj signal given the uncertainty on the acceptances for these channels. (Decays involving ℓ = τ are of course also expected to occur.)
Let us also remark on the importance of the χ 
LEP constraints and prospects
We now turn to the experimental consequences of our model that may be observable at LEP 2. In either selectron or chargino interpretation, we have found that mẽ R > 80 GeV and more likely mẽ R > 100 GeV rendering the sleptons (l R,L ,ν ℓ ) kinematically inaccessible at any LEP 2 energy presently being considered (i.e., √ s = 161, 175, 190 GeV). The same goes for the charginos, where m χ 
Neutralino production
The neutralino production processes proceed via s-channel Z exchange and t-channel selectron exchange, as shown in Fig. 15 . The calculated cross section for the dominant χ 0 1 χ 0 1 mode is shown in Fig. 16 as a function of the neutralino mass for several center-of-mass energies. This figure reveals several interesting features. First of all, our neutralinos are not exactly pure binos: their relatively small higgsino admixture decreases with increasing neutralino mass [see discussion after Eq. (4)]. This admixture is responsible for the significant cross section at the Z peak via the s-channel exchange diagram in Fig. 15(a) . The higgsino admixture is also responsible for a non-negligible destructive interference between the s-and t-channel diagrams (analogous to that in chargino pair production) for light neutralino masses: dropping the s-channel diagram we obtain a cross section twice as large. For heavier neutralino masses this effect diminishes quickly, but a new effect turns on, namely the β 3 threshold dependence expected for P-wave production of neutralinos [24] . We should also remark that theẽ R exchange diagram dominates over theẽ L exchange diagram because mẽ R < mẽ L , and more importantly because the coupling of selectrons to binos is proportional to the selectron hypercharge:
The only other channel of interest is χ 0 1 χ 0 2 , which leads to the following signals
From the neutralino branching ratios in Fig. 13 we can see that in the region of interest the dijet signal is negligible, while the other two signals do not occur simultaneously. The resulting cross sections times branching ratios are shown in Fig. 17 . Experimental constraints on beyond-the-standard-model contributions to acoplanar photon pairs at LEP 1.5 have been released by OPAL [25] and DELPHI [26] , and they amount to upper bounds of 2.0 pb and 1.5 pb respectively. It is not clear whether these limits apply to only the χ ). Moreover, these experimental limits are subject to angular cuts (| cos θ| < 0.7) that we have not imposed on our signal. To be conservative we have applied these upper bounds to our total γγ + E T / signal. The total diphoton cross section is shown in Fig. 18 , from which we see that at LEP 1.5 it exceeds 1.5 pb for m χ 0 1 < 37 GeV (corresponding to m χ ± 1 < 65 GeV), which may then be excluded (subject to the caveats just mentioned). Note the kinks in the curves due to the χ 0 1 χ 0 2 contribution going to zero (see Fig. 17 ). DELPHI has also quoted an upper bound on the beyond-the-standard-model diphoton cross section at √ s = 161 GeV of 3.1 pb. This limit does not exclude any region of parameter space; it would have to be strengthened by a factor of 2 before it starts to exclude points in parameter space not excluded by LEP 1.5. This may be the case with OPAL, which has obtained an upper bound of 1.6 pb at √ s = 161 GeV [27] .
OPAL events
Even though runs at LEP 130-136 and at LEP 161 have not revealed any clear evidence for the diphoton signal that we have discussed above, it is possible that the desired signal may occur only rarely and then surrounded by considerable background events. The OPAL Collaboration [25] in its LEP 1.5 analysis identified six events with acoplanar photon pairs that warrant closer scrutiny to see if the kinematical information of the events may favor a signal rather than a background explanation. The particulars of these events are listed in Table 2 . As OPAL noted, the first five events, with a missing invariant mass M miss ≈ M Z , appear quite likely to be from e + e − → Z → νν, with an on-shell Z boson obtained by the two photons realizing the "radiative return to the Z" scenario. A Monte Carlo simulation of the distribution of M miss in this kind of background events shows that it indeed peaks near M Z , with a sharp low-end cutoff at M miss ≈ 80 GeV [5] . The diphoton signal on the other hand has an essentially flat distribution in M miss . We are then led to consider the last event in Table 2 as a possible signal event.
The kinematical information on the chosen event can be used to obtain constraints on the neutralino mass as follows. The event is assumed to be e + e − → χ ≈ 100 GeV). The cross section at this mass at √ s = 130 GeV is 0.45 pb (see Fig. 16 ), and with an integrated luminosity of L = 2.64 pb −1 one would expect 1.2 events. Taking into account a reasonable detection efficiency (35%), we see that this event is quite consistent with the kinematics and dynamics of the signal.
This interpretation of the OPAL event is also consistent with the lower range of the chargino interpretation of the CDF event.
However, it appears inconsistent with the corresponding selectron interpretation, once the constraints from non-excessive e + e − γγ + E T / events from chargino production are taken into account (see end of Sec. 3.1).
Repeating the above exercise for the remaining events in Table 2 yields similarly shaped distributions which are peaked at lower neutralino masses, ranging between 18 GeV (fourth event) and 34 GeV (third event). These events are quite consistent with the missing mass (M miss ) expected from the background and, in any event, would correspond to neutralino masses which have been already excluded by LEP 1.5 (m χ 0 1 > 37 GeV).
Future acoplanar photon pairs
In anticipation of future acoplanar photon pair events that may have M miss < 80 GeV, we have determined analytically the end points of the distribution of neutralino masses (as shown e.g., in Fig. 19 ), given the three-momenta of the observed photons. The neutralino mass is given by
where E 1 is the energy of the most energetic photon and
− E 1 is the energy of the accompanying gravitino. The angle ψ 11 ′ between these two particles is the one free parameter, which is however restricted by momentum conservation. This angle takes its minimum and maximum values when the momenta of the photon ( p 1 ) and the gravitino ( p 1 ′ ) are coplanar with the sum of the two photon momenta ( p 1 + p 2 ). This can be visualized by considering the plane formed by the two gravitino momenta ( p 1 ′ , p 2 ′ ) and p 1 + p 2 . On this plane all vectors and their directions are completely determined by momentum conservation. However, the plane defined by p 1 , p 2 may rotate around the p 1 + p 2 axis. When the ( p 1 , p 2 ) plane is coplanar with the original ( p 1 ′ , p 2 ′ , p 1 + p 2 ) plane, ψ 11 ′ attains its extremal values:
where ψ 1 ′ 2 ′ is the angle between the gravitinos and ψ 1,1+2 is the angle between the most energetic photon and the sum of the photon momenta. These angles can be determined from
with the missing momentum p miss = | p 1 + p 2 |, and the gravitino energies
For the sixth event in Table 2 we find ψ 1 ′ 2 ′ = 110.3
• and ψ 1,1+2 = 39.5
• , giving 30.2
• < ψ 11 ′ < 109.2
• and thus 0.26 < sin 
Conclusions
Motivated by the puzzling CDF eeγγ + E T / event, we have studied two different interpretations within the context of our recently proposed one-parameter no-scale supergravity model with a light gravitino. We considered both a selectron pairproduction interpretation and a chargino pair-production interpretation. The former is consistent with the kinematics and dynamics of the event only forẽ R , with some further constraints. In the context of this model we do not expect that more such events should turn up, unless many more similar events with a single lepton are also identified. The chargino interpretation can explain the CDF event with more ease and further predicts additional signals that may also be detectable at the same level (including events with three leptons and two leptons plus two jets). Possible observation of any of these accompanying signals will support the model. We also find that LEP 2 is in an ideal position to confirm or disprove the model via the detection of an excess of acoplanar photon pair events. In fact, we have noticed that one such event with characteristics more of a signal than of a background may have already been detected by OPAL at LEP 1.5
To conclude let us remark that in the case of light enough gravitinos, direct gravitino production at colliders (e.g., e + e − → χ
should provide an additional signal that would have a much greater kinematical reach [28, 29] .
in Table 2 
The same curves and analogous signatures hold forμ,ν µ andτ ,ν τ production.
N(e + e − γγ + E T )
N(e ± γγ + E T ) L = 100 pb Number of e ± γγ + E T / and γγ + E T / events versus the number of e + e − γγ + E T / events expected from slepton production at the Tevatron in L = 100 pb −1 of data. The top axis shows the corresponding selectron masses (ẽ R ) in GeV. 
